A model to evaluate economic criteria involved when cattle are raised on high-forage diets prior to finishing or finished directly after weaning was developed using data from two experiments. In Exp. 1, each year for 3 yr, 136 Charolais-cross calves were weaned and allotted to either an intensive system, in which they were immediately finished on a high-grain diet, or an extensive system, in which they were Wintered on crop residues, grazed on summer pasture and finished on a high-grain diet. In Exp. 2, 160 British breed steers were wintered, in one of eight different wintering systems utilizing crop residues, using supplemental protein and(or) alfalfa hay. After wintering, the steers grazed summer pasture and then were finished on a high-grain diet. Overall cost of gain and final "breakeven" price were lower for cattle finished through the extensive system except when the price of corn was very low in relationship to other inputs. Interest costs were higher for cattle in the extensive system. Increasing the feeder calf purchase price had almost no effect on differences between the systems. Corn price and purchase price affected both systems similarly, whereas interest rate, wintering yardage and finishing yar&ge affected each system differently. Because of the additional weight produced through the extensive system, it yielded lower final "breakeven" prices in most situations.
Introduction
The use of larger genotypes has increased which, because of their inherent growth charEconomic evaluation of any particular acteristics, also function within intensive, sive, high-ekgy and extensive, high-forage growing-finishing systems to provide alternatives in resource allocation. This model was developed to aid in the understanding of biological and economic relationships and to study the impact of variation in resource costs on returns through different production systems. The model compares production cost and "keakeven" prices of cattle finished immediately after weaning to those of cattle grown on forage diets prior to finishing.
Experlmental Procedure
Biological Inputs. Two experiments were conducted to establish a biological basis for the modeL One experiment was designed to compare intensive vs extensive growing-finishing systems (IE) . We hypothesized that within the extensive system, wintering costs and performance would have the greatest overall impact on the total system. Thus, a second experiment was designed to evaluate the effects of wintering rate of gain on total system perfonnance (WIN).
Intensive vs Extensive Systems. Each year for 3 yr, spring-born calves from 136 British breed cows and Charolais bulls were weaned (234 kg) at an average age of 187 d and utilized to evaluate the two systems. After an initial 30-d period to allow adjustment to weaning, the cattle were allotted randomly to either an intensive system (Int), in which they were placed directly into the feedlot for finishing on a high-grain diet, or to an extensive system (Ext), in which they were fed high-forage diets prior to finishing. Cattle in the Int system were adapted to a high-grain diet over 21 d and then finished on grain for an additional 185 d. Cattle in the Ext system were wintered on corn crop residues (165 d), grazed (115 d) cool-season pastures followed by warm-season pastures and finished in the feedlot (1 22 d) in the same manner as cattle in the Int system. A complete description of this experiment is published elsewhere (Lewis et al., 199ob) .
Wintering Systems. A preliminary lamb growth trial was conducted to establish relative performance characteristics of a crop residue basal diet, supplemented with different levels of escape protein, and alfalfa hay (Lewis et al., 1988) . From these data, dietary treatments designed to result in three levels of wintering gain were established. Eighty mixed British breed steers (267 kg) were used each year for 2 yr to evaluate the wintering systems (20 hd-system-'.year1).
This experiment had two objectives: 1) to determine what level of performance could be expected with the different wintering systems and 2) to establish three different levels of wintering gain to evaluate the effects of wintering rate of gain on subsequent performance. For the second objective, only three of the four systems were continued beyond the end of the wintering phase each year. Across both years, six different wintering systems were evaluated utilizing harvested crop residues supplemented with different levels of escape protein and alfalfa hay as well as com stalk grazing supplemented with harvested crop residue and pmtein supplement or alfalfa hay (Lewis et al., 1988) . In addition to these six wintering systems, performance from two other systems was included in the model, corn stalk grazing supplemented with supplemental protein and all iilfalfa hay (average performance from three previous trials; Bran& Pankaskie and hhder, 1985; Roth et al., 1986) 
(1990a).

Model Development
Performance During Growing Phase. Rate of winter gain utilized by the model is dependent on the particular wintering system selected. Rate of gain during winter negatively affected rate of gain on pasture (Lewis et al., 199Oa extensive system of the IE experiment to that of steers from the WIN experiment and the relationship of the finishing performance of steers from both systems of the DE experiment.
Efficiency of feed utilization for the intensive system was assumed to be identical to that of the steers from the intensive system of the IE experiment (Table 1) .
Economics
Feed Costs. The price of corn and alfalfa hay are required inputs. However, cost of supplemental protein utilized in the higher gaining wintering systems was calculated as if it were linked to the price of corn. The price of soybean meal was calculated as 2.4 times the price of corn (weight basis) and the price of all other protein sources is based on the price of soybean meal on an equal cost per unit of protein. The cost of corn silage was calculated as if it were based on the price of corn (8 x corn price/25.5 kg plus $3 = price 909 kg of 35% DM silage; Guyer and Dewey, 1986) .
Interest Rate. Interest for any particular phase was computed on the total investment at the beginning of a phase plus half the expenditures throughout the phase. Beginning investment for a subsequent phase included interest costs of the previous phases.
Prices. The model was not intended to predict accurately the cost and returns from either system under current economic conditions, but rather to study the effects of changing economic factors on both systems. Three price situations representing low, medium and high input costs were used (Table 2) .
Results and Discussion
Model Evaluation
Wintering Systems. Due to the strong negative relationship between daily gain during winter and daily gain during summer (slope = -.81 kg/kg), cost of forage gain (total of winter and summer) was used as the primary response variable to evaluate the various wintering systems. Eight wintering systems were evaluated (Table 3) .
Extensive vs Intensive Systems. The price of corn, annual interest rate and feeder cattle price were considered to have the greatest overall economic impact on the systems. Each of these were varied over a wide range with either low, medium or high price inputs ( Table  2 ). The wintering system used was system 2 (Table 3) for all comparisons because it more nearly represented the wintering system of the Ext vs Int comparison of Lewis et al. (199Ob) .
Yardage rates for both the wintering and finishing phases represent management and 
WE).
Sensltlvity Analysis
Wintering Systems. Systems 1 , 2 and 3 were designed to produce three levels of gain by increasing the level of supplemental protein.
Cattle wintered through system 3 gained .21 kgld more than those in system 1, but the cost of the total forage gain was increased by $4.16 per 100 kg forage gain using low input cost and $10.46 per 100 kg forage gain by using high input cost (Table 4) .
Those systems (4 and 5) that utilized cornstalk grazing were the most feasible as long as they did not require large amounts of supplemental protein (system 6). This was due to favorable pricing of cornstalk grazing compared to harvested feedstuffs. Wintering %/IO0 kg of forage gain for low, average and high inputs (see Table 2 ). '$/lo0 kg slaughter weight, required to recover dl cost. dSystcms 1.2,3.7, and 8 wa-efedindrylot (106d). Systems4,5 and6 lpgzedcomstalks (71 d) and were fed indrylot (35 d). System 4 received haswagc fmm a silo-press bag while grazing stalks and received the same diet as system 2 while in drylot. Systems 5 and 6 received alfalfa hay whik in drylot. yardage was included to cover the costs of facilities, labor and management. These costs would be lower for cattle wintered on cornstalk fields compared with those wintered in drylot, thereby giving an advantage to the cornstalk grazing systems.
The largest winter gain was achieved with the all-alfalfa system (system 8), and gain from the alfalfa-husklage system (system 7) was intermediate. The feasibility of these systems depends on the price of alfalfa and the total wintering cost relative to the other systems. The best use of alfalfa probably is as a supplement for cornstalk grazing systems (system 5).
Because total gain in the forage phase of the system was affected only slightly by the wintering phase, the most profitable wintering systems are those that minimize cost. Investments to increase winter performance were not beneficial because total gain on the forage phase was affected only slightly. Reductions in wintering yardage or other fmed cost were advantageous, whereas any added costs for added winter performance were not.
Extensive vs Intensive Systems -Corn
Price. The price of corn affected the finishing cost of gain (FCG) slightly more for cattle finished through the Ext system than for cattle finished through the Jnt system (Figure 1 ). This was due to the higher efficiency of feed utilization (Table 1) for cattle from the Int system. The priee of corn affected the overall cost of gain (OCG; Figure 2 ) and the final "break-even" (FBE Figure 3) more for the Int system than for the Ext system due to the forage gain from the Ext system.
The FCG (Figure 1 ) was lower for the Int system for all input cost levels except when the corn price was very low relative to other costs. The OCG (Figure 2 ) was lower for the Ext system when other input costs were low and lower for the Int system when other input costs were high and corn price was relatively low. Therefore, from the standpoint of OCG, it appears that the Int system is more profitable when corn is priced low relative to other costs. However, when FBE (Figure 3 ) was used to evaluate the relationship of input cost to system returns, the added benefit of the additional weight produced through the Ext system diluted the purchase cost of the animals. Thus, the FBE was lower for the Ext system except when the price of corn was very low relative to the other costs (Figure 3) . The extended feeding period required by the Jnt system (189 vs 112 d) tends to suggest that much more corn (or other grain) was required. However, due to the increase in size and compensatory growth potential of cattle in the Ext system prior to the finishing phase, cattle i n t h e k t systemconsumedmorefeed,gained faster and were less efficient (Table 1) finishing phase of the Ext system was 85% of that required in the Int system. For this reason the price of corn had only a small effect on the total system economics. Interest Rate. Increasing the interest rate increased FCG similarly in both systems (Figure 4) . Although the average daily investment during finishing was greater for the Ext system at all input levels (Table 3, the increased time required for finishing in the Int system compensated for the additional investment. Conversely, the effect of increasing interest rate on OCG was greater for the Ext system than for the Int system at all input levels (Figwt 5). Even though the average daily investment was lower for the Ext system at almost all levels studied, more total interest was accrued due to the increased total time required by the Ext system.
Within all input levels studied, FBE was lower for the Ext system than for the Int system; however, increasing interest rates increased F33E faster for the Ext system than for the Int system ( Figure 6 ). This was due to a greater total investment and a longer time period for the Ext system. This effect was not large, however, and increasing the interest rate 5% using the high input level only increased the FBE $1.69/100 kg.
Purchase Price. Increasing the purchase price of feeder cattle increased OCG more for the Ext system than for the Int system ( Figure  7 ) due to the increased interest cost of the added investment. This effect was greatest for the high input level but still was not large, accounting for a difference between the two systems of $.95/100 kg of gain for each increase of $22/100 kg in purchase price. Although increasing the purchase price increased the OCG, the added weight produced in the Ext system slightly more than compensated for the additional interest cost. The differences in FBE due to purchase price were small and favored the Ext system (Figure 8 ).
The Ext system had a $.51/100 kg cost of gain advantage for each $22/100 kg increase in purchase price over the Int system using the medium cost inputs. change in the finishing yardage rate has greater impact on cost in the Int system than in the Ext system ( Figure 10 ). With medium inputs, increasing the finishing yardage rate $.05/d
increased OCG $1.90/100 kg and FBE $1.00/ 100 kg more for the Int system than for the Ext system.
Concluslons
Increased wintering gain (between .28 to S O kgfd) decreased summer gain, thus, any increase in wintering cost decreased the economic feasibility of the system. Corn price and purchase price affected both systems similarly; interest rate, wintering yardage and finishing yardage affected the systems differently. Interest costs were higher for the extensive system. Increased wintering yardage favored intensive systems, and increased finishing yardage favored extensive systems. The greatest benefit of extensive systems is increased total production per animal unit due to the heavier sale weight per animal. This increased product dilutes the cost of the feeder calf, which results in a lower "break-even" price. Cattle finished after being fed on highforage diets finished much faster but consumed almost as much feed as those that were finished immediately after weaning. Extensive systems produce more total beef at lower cost per unit product except in times of very low cost grain relative to other inputs (interest, feeder cattle, etc.) or high wintering cost.
lmpllcatlons
Cattle fed high-grain diets, finished as calves, are very efficient and make relatively economical gains because of low interest and yardage costs. Cattle grown on forages prior to finishing require more days from weaning to market and, therefore, more interest cost accrues. To offset these costs, the cost of the forage must be very low and the yardage costs can be accomplished with grazing. Because of the additional weight produced with forage feeding, it was more economical than placing calves directly in the feedlot under most price relationships.
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